The incidence of chronic kidney disease (CKD) is alarmingly high in Indian population with a steep rise in end-stage renal disease patients requiring dialysis access. The preexisting comorbidities associated with high morbidity further necessitate an anesthetic plan which provides benefits intraoperatively as well postoperatively. Different anesthesia techniques can be employed in CKD patients which are associated with complications. The aim of this review is to study the role and benefits of regional anesthesia in CKD patients.
Introduction
Diabetes and hypertension are the most common primary causes of end-stage renal disease (ESRD). Patients who undergo procedures for arteriovenous access have multiple comorbidities. These comorbidities may have specific anesthetic implications. This article focuses on the anesthetic considerations throughout the perioperative period with special emphasis on the role of regional anesthesia.
During the preoperative period, the patients must be optimized with a system-based approach, ensuring all the comorbidities are addressed and treated prior to surgery. The type of anesthesia is determined with the common decision of an anesthesiologist, surgeon, and keeping in mind the general condition of the patient. 1
Decision to Offer Dialysis
Classification of chronic kidney disease (CKD) has evolved and it is defined according to the updated 2015 National Institute for Health and Care Excellence (NICE) guidelines. 2 It was previously defined as glomerular filtration rate (GFR) < 60 mL/min/1.73 m 2 for 3 months or more, or abnormalities of renal function or structure, 3 but as per the NICE guidelines, the grades of CKD are based on GFR and albumin:creatinine ratio. Patients with grade 5 CKD, or less severe are the candidates for dialysis.
Types of Anesthesia

Local Anesthesia
Local anesthesia (LA) is a simple technique, but is associated with higher risks of local edema 4,5 and vessel spasms. 5, 6 In case the procedures last long, repeated LA injections or additional sedative medications may be required. These can lead to side effects based on the drugs used.
Regional Anesthesia
Upper extremity is the most common site for placement of vascular access, rarely lower extremities are used. Regional anesthesia (RA) of the upper extremity requires blockade of the brachial plexus at different levels (supraclavicular, infraclavicular, axillary) depending on the site of surgery. The advantage of regional anesthesia over other techniques is that it avoids airway manipulation, decreased drug side effects as seen in general anesthesia (GA) and minimum alveolar concentration. Patients are hemodynamically stable during surgery, has better postoperative analgesia, and faster recovery. [7] [8] [9] [10] There is a documented evidence that RA reduces vasospasm and causes vasodilation to maintain a higher blood flow during the perioperative period. 11, 12 The risks associated with RA include neuropathy from mechanical trauma to the nerves, hematoma, infection, neurotoxicity due to direct intraneuronal injection of the agent, Regional Anesthesia Rath et al.
neuronal ischemia, and local anesthetic toxicity by the accidental injection of anesthetic agent into the vessel.
The main challenge is to administer RA in patients with variations in anatomical landmarks. 13 Traditional techniques for nerve localization (i.e., paresthesia and nerve stimulation) depend upon anatomy based on the surface landmarks. For obese patients and those with variations in anatomy, the administration of RA is a challenging job due to difficulty in identification of surface landmarks and predicting the depth of the nerve to be blocked. Motor response during and after nerve stimulation does not exclude the possibility of block failure. 10 Ultrasound-guided technique to administer block is the most preferred technique as it helps in direct visualization of the nerves and vessels. It provides clear images of the needle location and spread of injected local anesthetic agent. 10, 14 It reduces the incidence of systemic local anesthetic toxicity as the drug is injected in close proximity to the nerve, thus minimizing the dose of the drug. 15 Several randomized trials reported fewer needle passes, faster block performance, and faster onset of the block with ultrasonography (USG) use compared with the conventional blind technique. 16 
General Anesthesia
The indications of GA are the patients having difficult anatomy, in whom RA is contraindicated or in patients in whom RA was attempted but failed. It enhances the blood flow due to vasodilatory effect of anesthetics, but this effect is limited to the intraoperative period. 4 GA can lead to increased stress response, hemodynamic instability, potential drug interaction, 5,6,17 residual muscle relaxant, respiratory depression during postoperative period, and poor postoperative pain control. However, with careful management, the risk of these possible complications is low. 18 Types of regional anesthesia for ESRD patients For successful ultrasound (US)-guided nerve block, the performer should 1. Identify the target nerve structure and obtain appropriate image. 2. Track the in-plane needle advancement in real time. 3. Assess the LA spread around the target nerve (►Fig. 1).
Ultrasound-guided supraclavicular block: Patient is positioned supine with head turned to contralateral side and arm is placed on the side of patient. USG machine with linear transducer (8) (9) (10) (11) (12) (13) (14) (15) (16) (17) (18) MHz) is used.
The insulated stimulating needle of 50 mm and 22 gauge is preferred and 20 to 30 mL of 0.5 to 0.75% ropivacaine or 0.5% bupivacaine is used as local anesthetic agent with adjuvants. Technique 1. After all sterile and aseptic precautions, and placement of monitors, the skin is prepared with antiseptic solution. 2. The transducer is placed parallel and abutting to the clavicle in the supraclavicular region. The subclavian artery, first rib, pleura, and the hypoechoic nerves of the brachial plexus are identified with USG (►Fig. 2). The transducer is held with a slight vertical tilt aiming into the chest to obtain the transverse images of the subclavian artery and optimal images of plexus. Subclavian artery is identified by moving the probe laterally and medially, as well as toggle the probe from caudad to cephalad. Color Doppler can be used when in doubt. Brachial plexus is usually located lateral and superficial to the artery, with a characteristic Fig. 1 Basic equipment for regional blocks.
"honeycomb" appearance. There are two distinct appearances of the brachial plexus, one as a grape-like cluster of 5 to 6 hypoechoic circles, which represents the divisions of the brachial plexus (►Fig. 2) or as three hypoechoic structures, which represent the trunks of the brachial plexus (►Fig. 3). Pleura and first rib are visualized by increasing the depth of US. With the first rib in view directly beneath the brachial plexus, it can be used as a backstop to prevent inadvertent pleural injury. The artery should be visualized at all times while performing the block. 3. The skin on the lateral side of the probe is anesthetized with local anesthetic using a 25-gauge needle creating a skin wheal after identifying all the anatomical structures under USG guidance. 4. The needle is applied using the in-plane approach from the lateral aspect of the transducer and advanced at a very shallow angle to allow for visualization on US. To avoid pneumothorax the needle tip should always be visible. A pop may be felt when entering the nerve sheath. It is best to first inject at the site immediately adjacent to the artery and inferior to the lower trunk (corner pocket). Prior to every 3-mL injection, aspiration should be done and the spread of LA observed. Injection should be stopped in case patient complains of pain, paresthesia going down to the extremity, or resistance is met upon injection. In this situation, withdraw slightly, aspirate, and reattempt injection.
After entering the correct position, 5 to 10 mL of anesthetic agent is injected in one given location.
Ultrasound-Guided Infraclavicular Block
Patient position: Supine with head slightly turned contralateral side. Arm is abducted 90 degrees, externally rotated, and flexed at the elbow. This maneuver rotates the clavicle posteriorly while also moving the plexus into a more superficial position.
Transducer: High frequency transducer may not be adequate due to deeper location of the brachial plexus at this level in overweight patients. Lower frequency transducer (5-12 MHz) may be required in the infraclavicular region to image cords of the brachial plexus that are deep (5 cm or more). A smaller footprint (25 mm) may also be considered because the infraclavicular fossa is small and the larger footprint probe can hang over the clavicle.
Needle size: 100 mm, 22-gauge blunt insulated stimulating needle.
Local anesthetic: 20 to 30 mL of 0.5 to 0.75% ropivacaine or 0.5% bupivacaine with adjuvants. Technique 1. Patient is prepared under all aseptic conditions. 2. Ultrasound probe is directly placed inferior to the clavicle in parasagittal orientation in the infraclavicular fossa. The infraclavicular fossa is a natural depression approximately 1 cm medial to the coracoid process of the scapula.
The pectoralis major muscle, pectoralis minor muscle, axillary artery and vein, and the hyperechoic cords of the brachial plexus which lie lateral, medial, and posterior to the artery at 3, 6, and 9 o'clock positions are the key structures to be identified (►Fig. 3). The transducer may be moved laterally, medially, or toggled to provide the optimal images of the nerves and vessels. To minimize the risk of pleural breach, once an image is obtained, rotate the transducer's caudal edge slightly away from the midline. This small detail will still provide an excellent view of the brachial plexus while steering the needle's trajectory into the periphery of the axilla rather than the thorax.
3. After establishing the ideal image, the skin on the superior side of the probe is anesthetized with local anesthetic using a 25-gauge needle creating a skin wheal. 4. The needle is inserted from either the inferior or superior side of the transducer using in-plane approach. As the needle is introduced, the transducer is adjusted to obtain a view of the tip during its progress. It is essential to maintain imaging of the tip of the needle at all times to avoid vascular or pleural puncture. The needle is then advanced under continuous observation toward each of the cords.
Local anesthetic of 8 to 10 mL is then injected next to each cord. It is easy to guide the needle to the lateral cord first, using the nerve stimulation if desired for confirmation Regional Anesthesia Rath et al.
with stimulation of the median or musculocutaneous nerves. Direct needling of the medial cord is usually not necessary nor recommended due to its precarious position. With each needle positioning, the anesthetist may utilize peripheral nerve stimulation to confirm the target. Nerve stimulation is helpful in this block because the cords are deeper than the more proximal brachial plexus and harder to visualize.
Ultrasound-Guided Axillary Block
Patient is positioned supine with head slightly turned to contralateral side. Arm is abducted, externally rotated, and flexed at the elbow.
Transducer: High frequency 38-mm transducer. Needle size: 50 mm, 22-gauge blunt stimulating needle. Local anesthetic: 25 to 30 mL of 0.5 to 0.75% ropivacaine or 0.5% bupivacaine with adjuvants. Technique 1. Monitors are connected and patient is sedated with supplemental oxygen. Skin is prepared with antiseptic solution. 2. Ultrasound probe is placed in the axilla at the crease formed by the pectoralis major and biceps muscles, perpendicular to the axillary artery.
Axillary artery and vein and the hyperechoic terminal nerves of the brachial plexus: median, ulnar, and radial which lie superior, inferior, and posterior to the artery are the anatomical structures to be identified. Color Doppler is used to identify the vascular structure in this region. The median nerve tends to appear consistently at 12 o'clock position with the ulnar nerve between 2 and 5 o'clock positions and radial nerve between 4 and 9 o'clock positions (►Fig. 4). To image the musculocutaneous nerve, move the transducer slightly superior toward the biceps muscle from the axilla. The nerve may be viewed either in the plane between the coracobrachialis muscle and the biceps muscle or in the body of the coracobrachialis muscle. The nerve is hyperechoic, brighter than the surrounding muscle.
3. After establishing the ideal image, the skin is anesthetized with local anesthetic using a 25-gauge needle creating a skin wheal. 4. Initially, the needle is inserted from the superior side of the transducer using in-plane approach toward the median nerve. Local anesthetic is incrementally injected (6-8 mL) until a halo appears around the nerve. Then direct the needle to the ulnar nerve to the inferior edge of the artery and LA is injected as described above. Next, the needle is redirected more posterior, and guided to the radial nerve, followed by incremental injection of 6 to 8 mL of LA (►Fig. 4).
To block the musculocutaneous nerve, the transducer is moved toward the biceps muscle, and the needle is placed in-plane superior to the probe; 6 to 8 mL of LA is injected until a halo is seen around the nerve. In addition to USG, nerve stimulation can also be used to identify nerve and artery in patients with variable anatomical position.
Conclusion
RA is very useful and safe in patients with CKD as it not only reduces the exposure of patient to many anesthetic drugs, it also decreases the risks associated with GA. There is significant evidence that vasodilation, greater fistula blood flow, sympathectomy like effects not only assist the surgeon intraoperatively but also maintain graft patency hours after the surgery. CKD patients have associated comorbidities and RA has proven to be a boon for such patients due to its better and safe techniques of administration, minimal use of drugs, shorter duration, good postoperative analgesia, and faster recovery. 
